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100CC, 2 0 0 0A 


2 


7 * > y V> ^ 7 * 
v**##l i&SUB* 


d) 1— £ l l O'C, l 5£ 
b) HMD S, 5. OK, 3 09 
C) AZ1813. 4. OK, 3 00, 
l . 3 um 

d) V7 h**-^90<C, 3 0# 

e) IA, 5 . OrnW/cm 1 , 129 

f) ««MF3 1 9, 1. la 

g) DI*, 4a 

h) afc> Yv* 

i) , s _ 1 1 0-C, 3 0a 
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r : 2 6 0 OA/a 
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h : 2 5 0 0 A/a 
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IIPRS2000, 20a 

-rrafDi*, sa 
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— • t 1 1 \ ; ~i » 

7Xf«2:SCS M <K 


aj t— v 1 1 O^C, 1 oa 

b) HMDS, 6. OK, 309 

c) A Z 1 8 13, 4. OK, 309, 
1 . 3 um 

d) V7r"*-*9 OT, 30a 

e) ft*, B . OmW/cm 1 , 1 29 

f) a«MF3 19, 1. ia 

g) DI*, 4a 

i) /v-K**-*l 1 O'C. 3 0a 
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R I E : CFi, |>©xyfl/- 
h : 2 6 0 OA/* 
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VX^#93:SC3_*^ 


a) 1 1 0*C, 1 5* 

b) HMDS, 5. OK, 3 0* 

C) A Z 1 6 1 3 » 4. OK , 3 OH, 
1 . 3 um 

d) V7 r-<-£90t2, 3 0* 

e) n%> 5. OnW/cm', 12|» 
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ff) t +X, DI*. 4* 

h) x\Z>Y*<i 

i) m-^^-^x J o-C, 3 0* 
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+*gDI*, 5* 


1 8 
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a) not;, l 5* 

b) HMDS, 5. OK, 3 0# 

c; AZ 1 8 1 3, 4. OK, 3 0 ffr, 
1 . 3 

d) V7h^9 0 , C, 3 0* j 
b) *%* 5. 0mW/cm*, 1 2*> 

f) MMF3 1 9 f 1. 1* 

g) +t&> DIA, 4* 

h) K^-T 

i) ^_ |r^c_^ i i or. 3 0* 
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«+2 +/- 0. 


24 


7*mpv**7-< 

CS 


a) lot, 1 5* 

b) HMDS. 5. OK. 309 

e) AZ 1 B 1 3, 4. OK, 3 09, 
1 . 3 um 

d) V7h^90'C l 30* 

e) **, 5. OmW/cmS 129 

f) S§Mf 3 1 9,1.1* 
ff) DI*. 4* 

h) ^k5>?^>f 

i) ^-K^-^l 1 0<C, 3 0* 


2 5 




R I B : C?4, 9— V* |> V — 
h : 2 5 0 OA/* 


2 6 




HHPRS2000, 20* 
t**DI*, B* 


2 7 




LPCVD, 6000A 


28 


7* h »V?*7 4 
ft 


a) 1 1 OXJ, 1 6* 

b) HMDS, 5. OK, 3 09 

C) AZ 1 8 1 3, 4. OK, 3 09, 
1- 3uxn 

d) V7h"l-?90X;. 30* 

e) 5. 0mW/cm», 129 

f) itMF3 19. 1. 1* 
8) DU, 4* 

h) H?-f 

1) M-pt— 9\ 1 0*C, 3 0* 


29 




R I B : C?4, *—>fy W^yf-V— 
^ : 2 60 OA/* 
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(8) #12 0 0 2- 2 8 3 2 9 6 



13 14 



30 




MPRS 2 000, 2 00 
t**DI*, 50 


3 1 




LPCVD, 5000A 


32 


0_*M* 


a) 1 1 O-C, 1 60 

b) HMDS, 5. OK, 3 09 

0) AZ1 8 1 3, 4. OK, 3 09, 
1 . 3 urn 

d) V7V^90t, 3 00 

e) ft*, 6. OmW/cm', 1 29 

f ) SiMF 3 1 9, 1. 10 
B) tt8, DI*, 40 

h) xtf>F*-f | 

1) /\-N->110t; ( 3 00 


33 




R I B : S Fe, Ot 


34 




RIKrHBr, C li, *->f y V* y 
^U-h : 5OOOA/0 


3 5 




ASFRS 2 00 0, 200 

rr^Di*, 50 


36 


psoh« 


PBCVD, 2/*m 


3 7 




a) 1 1 QIC, 1 60 

b) HMDS, 5. OK, 3 09 

c) AZ1813, 4. OK, 309, 
1 . 3 urn 

d) V7 h^-^90r, 3 00 

e) ftft, 5. OmW/cm', 129 

f ) »*MF31 d, 1. 10 

g) ttS, DI* ( 40 

h) XE> K^'f 

i) 1 0^. 3 00 


38 




RIE : CF<, *-*y K5xj»fv- 
h : 2 5 0 0 A/0 


30 


7* hUi?X>0>iM 


MFRS 2 0 0 0, 200 

•*-**di*, 60 
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4 0 


-;]/ 


a) 1 1 0X3, 1 6d 

b) HMD S, 5. OK, 3 0# 

c) AZ 1 81 3, 4. OK, 300, 
1 . 3 um 

d) V7 hi-* 9 OX, 3 0d 

e) ft*, 5. OmW/cm', 1 2» 
t ) MMF3 1 9. 1. Id 

g) ffff, DI*, 4d 

h) XK> K7>f 

i) >\-F-t-* 1 1 OX, 30* 


4 1 




R I E : CTt, 

h : 2 6 0 0 A/d 


42 




WHPRS2000, 2C# 
tt*DI*, 5* 


4 3 




LPCVD. 2xim 


4 4 


PSGJMI 


PECVD, 2000A 


4 5 




iooox. mm 


4 6 




R IE : SF,, O, 


47 




a) 1-9 1 1 OX, 1 6£ 

b) HMDS, 5. OK, 30$* 

c) AZ 1 8 1 3, 4. OK, 3 0», 
1 . 3 um 

d) V7h^-*9 0X, 3 0d 

e) ft*, 5. OmW/cm», 1 2& 
f ) HIMF3 19, 1. 1^ 

g) rtfif, DI*, 4* 

h) XV>Y?4 

i) ! ! o^, 3 0 ^ 


4 8 




R I E : CFi, ►(Dxyf-V- 
h : 2 5 0 0 A/d 


48 




RIB :HBr, Cli, ^-^Uy 
: 5 00 0A/£ 


50 




»«PRS2000, 200 
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RIE: CF*, hODx**^- 
h: 2 5OOA/0 


52 




PECVD, 7500A 


63 


V**#^l 1 :PSG2_ 


a) *-*l 10*0, 1 6* 

b) HMDS, 5. OK, 3 09 

c) AZ 1 8 1 3, 4. OK, 3 09, 
1 . 3 urn 

d) V>7 ht-*90'C l 3 0# 

e) **, 5. OmW/cm', 1 29 

f ) «*MF3 1 9, 1. 1# 

g) DI*. 4* 

h) ^kf>K^-f 

i) y\-K^~* 1 1 O^C, 3 Q& 


54 




RIB: CF« f ^-^y ffl)iy^l/- 
t> : 2 6 0 OA/a 


5 5 


7* 


3&PRS2000, 2 0# 


66 


7* HJ V^77* 
v**Ml 2:F8G2_ 
P8a2_*-\»> 


a) 1 1 0?, i 6# 

b) HMDS, 5* OK, 3 09 

e) AZ1813, 4. OK, 309, 
1 • 3 urn 

d) V7 ^-^qot;, 3 0# 

e) *X, 6. OmW/cm 1 , 129 

f) SBfllMF 3 19, 1. 1* 

g) f-TSf, DI*, 4* 

h) 

i) 1 1 0-C, 3 0£ 


67 




RIB ; C F4, ^-^yKOxyfl/- 
h : 2 5 0 OA/a 


5 8 


7*M^Xh©flHI 


MPRS 2 0 0 0, 2 0# 


59 




LPCVD, 1. 5/im 


60 




PECVD, 2 0 0 0A 


6 1 




i ooo<c, mm 
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6 2 


7* h»V?*74 
>2_*** 


a) ^-^l l ox:, l 60 

b) HMDS, 6. OK, 3 09 

c) AZ 1 8 1 3, 4. OK, 3 09, 
1 . 3um 

d) V7h-t-*9 0*C, 3 00 

e) MA, 5. OmW/cm*, l 29 

f) «*MF3 l 9, l. 10 
8) DI#, 40 

h) atr>|»7-f 

i) M _j«,<t_£ l l 0*0, 3 00 


63 




RIB : S Fii, Oi 


64 




RIB: CF«, ^nOiyfP- 
hi 2 6OOA/0 


65 




R I E : HBr , Cli, hxy 
: 5OOOA/0 


6 6 




RI E ; CF*. ^->Ty KOxy?-U~ 
h : 2 5OOA/0 


67 




MPRS200 0, 200 

r***Di*, 60 

K7<f 


68 




RIE: CF<, ^-yyhOxyfV- 
V : 2 6 0 0 A/0 


6 9 


7* h U V**7-f 
T**#514:SCS_J| 


a) t-? 1 1 OX?, 1 60 

b) HMDS, 5. OK, 3 09 

c) AZ18 13, 4. OK, 309, 
1. 3 urn 

d) V7h-<^9 0X:, 3 00 

e) ftjfe, 5. 0mW/cm*, 129 

f) «»MF3 19, 1. 10 
8) rttf, DI*, 40 

i) /w)"<-*i i ox:. 3 00 



ims] 

30 



50 



(12) 



#P 2002-283296 



[3*9] 



21 




22 


7 0 




HF 


7 1 


7*h iJV4'9?4 
^WH 


a) 1 1 ox:, i 6a 

b) HMDS, 5. OK, 3 09 

c) AZ1B13. 4. OK, 3 09, 
1 • 3 um 

d) V7 f^-^ao^, 30a 

e) **, 6. OmW/cm*, 1 29 

f ) 1§MF3 19, 1. 1£ 

g) di*. a» 

h) *fc?> l*5-f 

i) m-F'*-* 110*0, 3 0# 


7 2 




Cr/Au : 3 0 OA/50 00 A 


7 3 




fiifil 1 1 2A 


74 


7r Mv^9 7-f 


a) 1 0t3, 16# 

b) HMDS, 5. OK, 30» 

c) AZ 1 B 1 3, 4 . OK, 3 09, 
1 . 3 um 

d) V7h-<-*9 0t:, 3 0£ 

e) ntt, 6. 0mW/cm*, 1 29 

f ) 3MMF3 1 9, 1. 1* 

g) DI*, 4* 

h) Xtf>l*94 

1) jv-1t*<-* 1 1 0-C, 3 0£ 


75 




Cr/Au : 200A/300A 


7 6 




mm 1 1 1 2 a 


7 7 


7*hU V^57<f 


a) 1 1 OX:, 1 54* 

b) HMDS, 5. OK, 3 09 

C) A Z 1 8 13, 4. OK, 309. 
1 . Sum 

d) V7)"<-*9 0X:, 3 0# 

e) *%> 6. OmW/cjn', 129 

f) »«LMF319, 1. 1* 

g) ff, DI* # 4£ 

h) *£>]f9>f 

i) ,t_|r*t_£i i ox:, 3 0# 



30 



78 




RIB: CF<, ^-^yb^Jxy^K 
> : 2 5 0 OA/0 


79 


•Kb*xy*>* 


RIB : CF 4 , *-Vv KZ>iy*"U- 
h : 2 6 0 OA/* 


80 




SO** 


8 1 




MPRS20Q0, 2 0^ 
t*#DI*, 50 


82 




45%, 6 5 - 8 5X: 


83 




R I K : CF<, ^y MO^y^V— 
h : 2 8OOA/0 


84 


*Yb*xy?->* 


R I E ; CF«, ^-yy hoiyfl/- 
h:2500A/£ 1 



[0014] H3tt, Ii6W»8^^-A^ 

2 2^\ ^xwn(oscs1i 2±i:^^-yjg«sn 

5o S«fb*2 0(OKJCtt>f*>'iix^V^ (RIE) 

izmzn, »aLfc»»a**ft«i 6£>ri Exyf 



50 



[0 0 15] B4tt, Iil 4 0>«g^|ct3it5!>i- 

*-^2 4(t scsii 2±ic^^— m 

SCSI 1 2C0R I Eij/f-y^BOXll 6 £gV 



23 



(13) 



#BB 2002-283296 

24 



m-tztzMzmzti^ aaLfcBox/§i 6 cor i 

= h*-^2 2 4r*«>3 0 <lf 
^24 irg&tf^y^ h22ii4^-T^P^ - h/K£> 
mti<DX\ 2. ^n>-hyK£>#y a VC+ 

afcli-TCfcSo ^y^y=>2 6ii, RIEtxyf 
xyfy^ h*:/iL-CjR*{ttt2 0£{£ 

[0 0 16] 1511 XSl 7 
ri\ SCSJll 2Ktt$*l5 e S^2 8lt MX(DVm 

opography) *S|2 fc h if* fcli£< ftft * flT^fc t > t # 
f 5 itt»<D«M6 \z J; o T & t £ ti 5 f& frb <oMK9tm 

ft**, sii^R i Emm^y^y^tmmm2 o 

$ri5fet5fcfe[:fr^ SCSll 2^3^^p> 
^2 8£tt1-fc#ic{£frn/c:7* h vv* Ytmik&h 

So 

[0017] ^?^/^^/(0^28?rSCSil 

4 if I Wot o r t <t v \ 

[0 0 18] H6li, IS2 3^^P*co^^-/n^^ 



■To SCSH2I1 4Sa^ii3 0tv^-yM 

ffia^R i E^^y^d^rfrft, 20 

1 2*Sl^TfTt>iX, xj/^^hy^fcLtBOX 
J§ 1 6£&ffl^5 0 0. 2-7^^0^-^/1/(0^/$ 
ixTl^&t^L P C VD (low pressure chemical vapor 
deposition) (Bl^-fri*) iS«0) 

fllffi (full -depth feature) 3 0<Offl»S:{Sflli-5o 6^ 
^ tuJ-h/WW-mtmk® (POX) 3 2«f$ 
10 ix, -t*lfcJ:o"C £:n— /^i, i(7)CMP (chemical 
mechanical polishing) <D&\Z.¥>biZfcZ> 0 ¥*fi{t;S£ 
ffc#532l£, **#y*>m#9* (BPSG) 
»^HLTMfk*ixfclMk» (TEOS) "Cfcftrt* 
#*U\, POX3 2^fcm «H*ftBW*s* 

2^scssi 2±(cgi54-etT^ixSo 

[0 0 19] I§2 7(7)^^(7)^^-^%^^ 

-To -»W-;U3 4^POX§3 2l:/'^-yM$ 

20 3 2£Ti£U $e>KSCSJi£-eT51\ 7t 

*Hi&£$ft % 0. 6v^^d^- h/K7)J^$0^{b 
»13 6^ LPCVD^Ltlt^o SS2<7>S 
ffcfe/l3 8fc, «<0*MMfc#y** (KOH) ^y^V 

[0 0 2 0] 12 81*, Ig 3 lO»a«f<0^*-/NSr^ 

-To '<9->mm±.<n\o*j* bit, mmm&m-Z'*9 
s&ffioafkftJi3 6^»s<is 0 LPcvD7Ky^>y^ 

[002 1] IH9(i N Ig3 6 <Dlfe&tif<Dt? x.-ss%7t; 

«ai8t Lti< e PECVD/f!J^!)3^7^ (P 
SG) Oi4 6*, ->^-^NOml®lc^PxibixT2^-r 

[0 0 2 2] (HI 01^:, Ii4 6'&<D$ *L-^t:7jki- 0 
*-/M8^PSGi4 6i:A^-yW^, 

h y?t Lt^yyy3>J|40^fflLtR I 

L PC VD/tf y ->y 3y^f5®(7)g5 0 i:a®cO® 5 2 
so 0. 2-7-<^d^- hyWc^PECVD^y 



25 

i/v (psg) (ia**r) <nmm^n\z 

[0 0 2 31 Blltt, 185 2^^^x-/n^ 

^-To :^psGi46it # y ^ y = >«j6* 5 6 -c 

^psg/n-Kv^^i:»u **iic*v^r, rie 
^yf-v^Kio-c/**— vSrsKy *>y ^>^5 

-To I'S** hsMRStU »^ 5 IKK£ix, RIEx 10 

s/f-y^fifbJxT*B<0#y i/y ^^5 2£|&£L, 

Six, 7t h^h)ftS|»**n> ^-K-^^^^RI 

K/P-foat<-r^ 0 PECVDJKUi/yaV^^ (P 
SG2) <Dm54&m%£tl, 0. 75^^D^-h 
A,*-C«*ft*ix*. 
[0 0 2 4] [Hi 2(1, 115 5<7)«£B#(D^-/n£ 20 

ix, R IEx^fy^fT^tlt/^-y^PSG^ 
[0 0 2 5] Ull 3(1, XI 6 8<^SBf<7)^^£ 

SG^-Kv7^(:j|t. RIEx^yM^ 

ix, R I E3i5/f-^^SfTfcixT|ia5<7)#yi/y 3^4: 30 
Rft*U ^UR, 89i© i/^^ h i a- K-^^ ^ ^il 
SriS»i-5^«)t-ffiffl*ix5 0 u^F»i^, 
- K^**#R I E^^^-eifc^Six*. 
[0 0 2 6] Hi 4(1, Ig7 0^gB|(^x^^ 
POX 3 2t>mQfofrtlt£<Xltt£bfa^ffi<D 

T\ POX^Sd^y ->y =*>-£fc(l£JS<D&^Ett^ 

o*ttfflS*xft<T«tftfe<cv\ jxyMyfy^ 

fffciX-CSRlffbft* 2 0£I&I9I&#, SCSSl2^il 40 
m (HF) x 7 fy^|;J;otI^M^i;9l:, K 

l 4 < r ii* h t*\\ s c s Ji±^fc 6 a> i: 
»«*»*xfc*y'>y=>*tt, scssi 2*tiB## 

[0027] «Laor^^-escsi<^aj?$jxfciK 
#*ttW) «IB*SCS±fc««ISixfcll^, « 



^2 0 0 2 -2 8 3 2 9 6 

26 

&«lg£4x6o ^ix6o*«W, HMW, 

(1, SCSSl 2JC*>6*>Cft3ijy^^S*Xfc»^2 
8±lcfi:8^fti£ix5 (SIl 5£#H8) 0 &JR=i-^-f 
>^6 0<£>^f5{cJ;oT, tt^f- 2 8 l*K*ttt^lC|6{fc1- 

5 0 mm^, &mmmi*. scsi±ci^rtM 

S:«fflLtscsii:i*t6:tm, * 
«»£iteiW»©W#**MBK** s c SJ|±£«|M 

[0 0 2 8] [Hi 5(1, Ig7 6(7)»g^^wN^ 

T^ — VTgfiKSiX, 0. 5"7-r^n^— h;K7)&Jg6 
O^SCSll 2^1511^2 8±^88#$ix«o 
h#y 7 h^Six, *tt6>coE«fiDAJRSrBif9 
l&< 0 ^^-^11 ^M^^DI^^^*<T(1*^*^ 
E«t-f*S*X, 2 0 0A(7)^D;i)A (Cr) 2 

8ofrffif^»*tt, 3ooA^ (Au) as-twoi* 
< 0 rcoS^, &il, fc^oRWte&ifrkS-fr, 

\i\ * comic 11, ta^~<>a (ai) t^y^-r (p t ) 

^*4x5 0 h«t&JR=i-7V v^u^* Ml, 

[0 0 2 9] 111 6(1, XS8 4©*MS#©iJr3:— /n*- 
*ffi^{btt*fcll»{t*«)Ji3 8(1, KOH# 

^°^->MJti5 0 '><E>Jf ScD^qst^ftfl, £ 

a-^o<fi*©Blif^e>ixfc*-/voif-^ XdfJSSrij. 

Six, Rli:^#->tfHffc»Jl 1 8K*>R I E^jy^V 
^^SiX^o ^w^f<KOHx J /fy^ 
#Lfc*-eWffiS:«SILi^e>fTt>ix5o 3— tv>^ 

fc*tca0 3»Six)i<Tli4bfti\ *oii(t 3{L 
$>R I E^>>^>^, *<0»<O»ffc*R I Ex 7 f^ 

tbLfca*a*(oscs*r^f+it5. *<0*fc<&iaj&> 
teitti, wy ^>y 3^»e><c5) s«®i4i: w 

(l^lBeT'$55o Zix(cJ:oT, f^^i^Sl^xy 

[0 0 3 0] 2®^fe^2 0 4^f^efc^(^, 
0. \-*<< $v*—Y)V<r)"?yl'>Ty h<£><l£^6 2^ 



27 



(15) 



4$BB 2002-283296 

28 



¥'<<<*mtt\ *-c#t*s*-/i, *r#L-o*a*£\ & 

*©»ix&*#isayx*. sc sn 1 2f*i<£>gtB-r5* 
tic, mi:aiiftfttffl-e*6. 

[0 0 3 1] * : T-2 0 4 4^o*-¥'CD»B*rA«tH|-r 
S 9-4 t*<D l B©**^/V ^±tffiffl^n^ fc #fc 

t^. 0 XB<o&jRttiitt, *t, ^7-rti:#mt 

**fcU *ftfcJ:oTfc*2 0 4#a*fc<fc«. * 

[00 3 2]I17*3J:tfBl8ll 

tifc»^F2 o 4*W(i*ixfcii«)tt3io|»jSi*"e©«>a 

-^tr*"*". «»MUMPSifeSr*tpS*#* 
psfei*, (i) rthy|:2 0-3om S^lc 

+ 5, (2) 4 9%X h U— h COH F T* 2 l/2~ 3 ftWi 

=yf->?L % m^*>n^\ o#w-r-r#\ oj i 

PAT*5 5>M-ri-*\ 0 0-11 ottn 0 

[0 0 3 3] MOEMS (microoptoelectromechanical 
system) ***tt+Z1tMzmmiStlZm&mii 

*A'te4»tt-C^)PiB«rJ£aM-5MO EMS ofctfxoKfE 

^»aK*5lt«ai5*0«St LTlftBfcJiS/lJ ^> (s 
OI) (Bl*#lR) o 

so iii, ->y3>Ji*iftiMr»^io-ca[*l*h"C^ 



S£3fe<0'>y hvw^ 
££*i-0^5j&s, -fy^7i-^|:Si02giB[l«: 

[0 0 3 4] <<>fi7*-x-?<Dmttomit* 
-^£^1-ZZkfcX$te\<^7-tj:t*<nft¥%T*M 

10 mtz>it$><n>, mm<n^y^yy*vyzfmtLxnm 

-fZZtbXZZo T'UXMWX ffife<OT791r— 

Biil6B©H*^**»ix, rftM^oT, x^^Stc 

fc&IC, i6iPO»ftiffl<OCMP (Chemical mechanical 
polish) RfMriWi Lttl\, x^^Eli, 

20 Wftftrtftife (cvd) JcJ:o-c*»$ix^j»fltJ:9ff 

li, *B^Kit**±if5fcfeor^^ = ^A/ < cifo?| 
JK^3f, *fctt*BwS»**T«fS^a60|6»»Blo- 

[0 0 3 5] S«#^B«i"*J:5l^ *»W«>ttifi<& 

30 *»$iXSo 

[BEoffiilittKn] 

[mi ] *«M^&3ii-«orjB^:$ii^$*^4* 

[HI 2 ] ^^tCMEMSjo^t/MOEMSf^W^ 

As§if^snaisi»#±'>y =v (so n ^^-^^ 

BUTfe^o 

[113] Hi |:^^5J:94MEMS7^^^i 

rti-sfc»ici([ffl*n«^xao--3iiifc»B*rs-rB 

40 XfoZo 

[04] Hi K^SftS J: 5fcMEMSfO<>TX$rJg 

*r*fc*tttffl*n*«Mxa«)-*iii»a*r*-rB 

[0 5] Hi (C^£ix3 «fc 5 ^MEMSf^V^^ 

rt+afcfeicttfflsnsiaaxao-iiifcjRatr^B 

[H6] ill{:/T^n§<t9iMEMSf^^5:i 

*i-5^*iwttffl*n5»axao--jiifi?BjiBSr^-fia 

so [0 7] HliC*Sn5«t ^^MEMSx^V^SrJg 



29 



«rM 2002-283296 

30 



[H8] BlK^SixS J: 5 4MEMSf^^S:f 
[H9] H l fc^£ti5J; 5 4MEMSr^^S:ig 
[HIl 01 01 |:^Sh5«t 9ftMEMSf^X^ 

«rtr*fc»*cttffl*n**!iaia<D-ji*»ji«r«i- 10 

[[§1 1] mi^ZtiZXoteMEMST'^xi: 
HT*fc5 0 

[Hi 2] iail:^Sh5J:54MEMSf^^* 

^rt+afcfeicttfflsiiaftaxa©-*!!****^- 

[Hi 3] 11 1 {C^ZftZX 5 4MEMSf^^* 



[Hi 4] ill: 
[Hi 5] Hll 

»rti-5fcftiritffl 

[Hi 6] Hill 
»rt+*fcft{c*6ffl 
HT*fc5o 

[Hi 7] Hi \Z: 

»*f*fcft^*ffl 

HT*fc§ 0 
[Hi 8] Hll: 



£ ti & »axa^-**»« * sw- 
*iisttaxa«>-*ii6»«*:*-r 

J: 5ftMEMSf/<>f^Sr 

**ia*aaxa©-*i(6*iiB*r*-r 
sn«*axa©-*it»«*r*i- 



[Hi] 



II 7] 





[02] 




[@3] 




It 



\\\\\\\\\\\\v\\\\\w\\\\v\\v\v\\v\\\\\\u 



BOX , 
'ffiftftft 



1% 




[07] 




(18) 



ftffi 2002-283296 



ims] 




(19) 



M2 0 0 2- 2 8 3 2 9 6 




(20) 



&ffl 2002-283296 



IHl 6] 




H 

[118] 




[»fctlH] 4^2^ 6 0 (2 0 0 2. 



2.6) [ffijE#*«B«] £11 

[If ]E2/fe] £5 
[JfiErtS] 



[01] 




ftffi 2002-283296 



[H2] 






[05] 




BOX 

m 

14 



(22) 



#12002-283296 



26 30 ~X » , c 



T 

18 




TEOS 

BOX 

1 — -16 

"* 14 



[17] 





(23) 



ftffl 2002-283296 



1 0] 




PSG 

TEOStKUS/UDVO 
BOX 

mwt 



111] 




14 



77 



r 

36 



PSG 

SCS/?KU*/Uzi> 
BOX 
16 
£« 



II 2 J 



54 Z 52 





/KU^'J^I /PSG 
PSG 

TEOS/JlOJS/'JDVO 

SCS/7KU$/iJD> 
BOX 



18' 38 



13] 



56 



50 



j5?wira^L„ _ _ _ _ _ _ 



54 z 32 
C ( / 



12 




#U*/'J:3>1/PSG 
PSG 

TEOS/tf'J^'JDVO 
BOX 

.JBHNfc* 
SHbfc 



&M2 002-283296 




[H31 5] 




PSG 

BOX 
16 

mm 
m<tm 



[Hi 6 J 




(25) 



2002-283296 



[Hi 8] 




4026 

(72)3§^# t: 0 -*- ^i. X/vVjis 

yv-y \y-y 11 

(72)3§0ji# i/y^y 

^y^^-^ -t>-_ 100 



(72)3P^# v^a^u ^ * hV 
63 

(72)|g^# 3-~ry v >> 

3400 T'<— M>h 1321 

h^y^r-^- p-K 2250 

F^-A(#%) 4M118 AA08 AB10 BA30 CA02 EA01 
FC03 FC06 FC13 
5F032 AA09 AA16 BA05 CA17 CA21 
DA22 DA53 



^2 0 0 2-2 8 3 2 9 6 



[*SIB91*llft] 

1 • T : : ! t c f 1 1 v e 1 1 i c a 



PROCESS FOR MANUFACTURING MICROMECHANICAL AND 
MTCROOPTOMECHANICAL STRUCTURES WITH PRE- APPLIED PATTERNING 



1 . A microrncchanical or microoptomechanical structure produced by a process comprising: 

defining a pattern on a single crystal silicon layer separated by an insulator layer 
from a substrate layer; 

defining a structure in the single-crystal silicon layer; 

depositing and etching a polysilicon layer on the single crystal silicon layer, with- 
remaining polysilcon forming mechanical or optical elements of (he structure; and 

releasing the formed structure. 

2. The structure of claim 1 wherein defining a pattern on the single crystal silicon layer 
comprises; 

photolithographically defining the pattern on the single crystal silicon layer; 
covering the pattern with a protective oxide layer. 

3. The structure of claim 2 made by a process further comprising removing the protective 
layer of oxide after the pofysilicon structures have been formed. 

4. The structure of claim 1 wherein defining the pattern occurs before any other structure is 
defined on the single crystal silicon layer. 

5. The structure of claim 1 wherein the pattern is a grid. 

6. The structure of claim 5 wherein the grid is selected from the group consisting of a 
Fresnel grid, a regular grid, and a proportionally spaced grid. 

7. The structure of claim 5 made by a process further comprising applying a coating to the 
pattern. 
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8. The structure of claim 7 wherein the coating is a metal selected from the group consisting 
of gold, aluminum, chromium and platinum. 

9. The microstructure of claim 1 wherein selectively etching the single crystal silicon 
further comprises the step photolilhographically patterning and dry etching the single 
crystal silicon layer. 

10. The structure of claim 1 wherein the insulator layer is an oxide layer. 

11. A process for manufacturing a micromechanical or microoptomechanical structure, the 
process comprising: 

defining a pattern on a single crystal silicon layer separated by an insulator layer 
from a substrate layer; 

defining a structure in the single-crystal silicon layer; 

depositing and etching a polysilicon layer on the single crystal silicon layer, with 
remaining polysilcon forming mechanical or optical elements of ihe structure; and 

releasing the formed structure. 

12. The process of claim 11 wherein defining a pattern on the single crystal silicon layer 
comprises: 

photolitho graphically defining the pattern on the single crystal silicon layer; 
covering the pattern with a protective oxide layer, 

13. The process of claim 12 further comprising removing the protective layer of oxide after 
the polysilicon structures have been formed 

1 4. The process of claim 1 1 wherein defining the pattern occurs before any other structure is 
defined on the single crystal silicon layer. 
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15. The process of claim 1 1 wherein the pattern is a grid. 

16. The process of claim 15 wherein the grid is selected from the group consisting of a 
Fresnel grid, a regular grid, and a proportionally spaced grid. 

1 7. The process of claim 1 5 further comprising applying a coating to the pattern. 

18. The process of claim 17 wherein the coating is a metal selected from the group consisting 
of gold, aluminum, chromium and platinum. 

19. The process of claim 1 1 wherein selectively etching the single crystal silicon further 
comprises the step photolithographically patterning and dry etching the single crystal 
silicon layer. 



20. The process of claim 1 ] wherein the insulator layer is an oxide layer. 
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FIELD OF THE INVENTION 

Micromcchanical and microoptornechanical structures fabricated on silicon-on- 
msulator (SOI) wafers are described. More particularly micromechanical and 
rnircooptomechanical components created by chemically and mechanically modifying SOI 
wafers and metalizing a backside of the components are described. 

BACKGROUND 

Inherent thin film properties of materials limit many surface miexomachining 
processes. For example, variability of materials properties in polysilicon thin films (such as 
Young's modulus and Poisson's ratio, residual stress, and stress gradients) can prohibit 
manufacture of desired microstructures. This is particularly apparent in microoptical 
components such as mirrors, lenses, and diffraction gratings, which must be -very flat for 
high-optical performance, and normally have to be made in the single crystal silicon layer. 
Since conventional surface micromachining requires that all components be made in 
polysilicon layers, optical performance can be limited. 

The leading commercial microelectromechanical (MEMS) processing technologies 
are (1) bulk micromachining of single crystal silicon, and (2) surface micromachining of 
polycrystallirie silicon. Each of these processing technologies has associated benefits and 
barriers. Bulk micromachining of single crystal silicon, an excellent material with well- 
controlled electrical and mechanical properties in its pure state, has historically utilized wet 
anisotropic wet etching to form mechanical elements. In this process, the etch rate is 
dependent on the ciystallographic planes that are exposed to the etch solution, so that 
mechanical elements are formed that are aligned to the rate limiting crystallographic planes. 
For silicon these planes are the (1,1,1) crystal planes. The alignment of mechanical features 
to the crystallographic planes leads to limitations in the geometries that can be generated 
using this technique. Typical geometries include v-groove trenches and inverted pyramidal 
structures in (1,0,0) oriented silicon wafers, where the trenches and inverted pyramids are 
bound by (1,1,1) crystallographic planes. Geometries that include convex corners are not 
allowed unless additional measures are taken to protect etching of the crystal planes that 
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make up the comers. The etch rate also varies with dopant concentration, so that the etch rate 
can be modified by the incorporation of dopant atoms, which substitute for silicon atoms in 
the crystal lattice. A boron dopant concentration on the order of 5xl0 19 /cm 3 is sufficient to 
completely stop etching, so that mechanical elements bounded by other crystal planes can be 
generated by using dopant "etch stop" techniques. However, dopant concentrations of this 
magnitude are sufficient to modify the desirable electrical and mechanical properties of the 
pure single crystal silicon material, leading to device design and manufacturability 
constraints. Recent advances in Deep Reactive Ion Etching (DRIE) (see, eg., J.K. Bhardwaj 
and H. Ashraf, "Advanced silicon etching using high density plasmas", Micromachining and 
Microfabrication Process Technology, 23-24 October 1995, Austin, Texas, SPIE Proceedings 
Vol. 2639, pg. 224) which utilize sidewall passivation and ion beam directionality to achieve 
etch anisotropy, have relaxed the in-plane geometric design constraints, but still require etch 
stop techniques to control the depth of the etch into the wafer, and additional processing steps 
are required to undercut a structure to release it from the substrate. 

In contrast to bulk micromachining, surface micromachining of polycrystalline silicon 
utilizes chemical Yapoi deposition (CVD) and reactive ion etching (R1E) patterning 
techniques to form mechanical elements from stacked layers of thin films (see, e.g., R.T. 
Howe, Surface micromachining for microsensors and microactuators", J. Vac. Sci. Technol. 
B6, (1988) 1809). Typically CVD polysilicon is used to form the mechanical elements, CVD 
nitride is used to form electrical insulators, and CVD oxide is used as a sacrificial layer. 
Removal of the oxide by wet or dry etching releases the polysilicon thin film structures. The 
advantage of the surface micromachining process is the ability to make complex structures m 
the direction normal to the wafer surface by stacking releasable polysilicon layers (see, e.g., 
K.S.J. Pister, M.W. Judy, S.R. Burgett, and R.S. Fearing, "Microfabricated hinges", Sensors 
and Actuators A33, (1992) 249 and L,Y. Lin, S.S. Lee, K.SJ. Pister, and M.C. Wu, 
4 *Micromachined three-dimensional micro-optics for free-space optical system", IEEE 
Photon. Technol. Lett. 6, (1994) 1445) and complete geometric design freedom in the plane 
of the wafer since the device layers are patterned using isotropic RTE etching techniques. An 
additional advantage of surface miciumacriinmg is that it utilizes thin film materials such as 
polysilicon, oxide, nitride, and aluminum, that are commonly used in microelectronic device 
fabrication, albeit with different materials properties that are optimized for mechanical rather 
than electrical performance. This commonality in materials allows for increased integration 
of microelectronic and micromechanical components into the same fabrication process, as 
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demonstrated in Analog Devices' integrated accelerometer, and in SSI Technologies 1 
integrated pressure sensor. 

While surface micrornachining relaxes many of the limitations inherent in bulk 
micromachining of single crystal silicon, it nonetheless has its own limitations in thin film 
properties. The maximum film thickness that can be deposited from CVD techniques are 
limited to several microns, so that thicker structures must be built up from sequential 
depositions. Thicker device layers are required for dynamic optical elements where dynamic 
deformations can impact optical performance, and for optical elements which require 
additional thin film coatings that can cause stress-induced curvature. The thin film 
mechanical properties, such as Young's modulus and Poisson's ratio, are dependent on the 
processing parameters and the thermal history of the fabrication process, and can typically 
vary by as much as 10% from run to run. This is an important limitation for robust 
manufacturability where these thin film mechanical properties can be a critical parameter for 
device performance. 

An additional limitation of conventional surface micromachining is that holes through 
the mechanical elements must be included in the design to allow the etchants used to release 
the mechanical elements to reach the sacrificial layers. While this is not an important 
limitation for optical elements such as Fresnel lenses and diffraction grating that include 
holes in their design, it is an important limitation for optical elements such as mirrors where 
holes are a detriment to optical performance. Flatness and reflectivity are also important 
optical design criteria that can be impacted by conventional surface micromachining 
processes. Thin film stresses and stress gradients, typical of polysilicon thin films, can lead 
to warping of optical surfaces. In addition the surface of as-deposited polysilicon thin films 
is not polished, and thus requires post-processing Chemical Mechanical Polishing (CMP) 
techniques to obtain an optical quality surface finish. 

SUMMARY OF THE INVENTION 

The present invention provides a micromechanical or microoptomechanical structure. 
The structure is produced by a process comprising defining a pattern on a single crystal 
silicon layer separated by an insulator layer from a substrate layer; defining a structure in the 
single-crystal silicon layer; depositing and etching a polysilicon layer on the single crystal 
silicon layer, with remaining polysilcon forming mechanical or optical elements of the 
structure; and releasing the formed structure. 
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DETAILED DESCRIPTION OF THE INVENTION 

Described below is an embodiment of the present inventive process and device. The 
embodiment illustrates only one of the several ways the present invention may be 
implemented. Although the embodiment is described in the context of a moving mirror on a 
silicon-on-insulatoi (SOI) chip, it could easily be used for other components. In the 
description that follows, like numerals represent like elements or steps in all figures. For 
example, if the numeral 10 is used in a figure to refer to a specific clement or step, the 
numeral 10 appearing in any other figure refers to the same element 

Figure 1 illustrates some of the very complex microelectromechanical (MEMS) and 
microoptoelectromechanical (MOEMS) devices that can be constructed on a silicon wafer 
using the embodiment of the present invention. The device 200 includes movable optical 
elements constructed from single crystal silicon overlaying an insulator such as a diffraction 
grating 202, a grating 204, and a Fresnel lens 206. Active electronic elements can also be 
defined in the single crystal silicon layer, including flip chip bonded light producing laser 
diodes 201, light detecting photodiodes 203, or conventional CMOS logic circuitry 205. 
Bulk modifications required for packaging or mounting of the substrate are also possible, 
such as illustrated by etched cavity 208, and added polysilicon layers can be used for 
mechanical elements such as hinges 209. 

Figure 2 shows an embodiment of a silicon-on-insulator (SOI) wafer 10 suitable for 
use in the embodiment of the process described herein. The SOT wafer 10 includes a thin 
single crystal silicon device wafer layer 12, and a substrate layer 14. The substrate layer 14 is 
preferably polysilicon. Between these two layers 12 and 14 there is a buried oxide (BOX) 
layer 16 that integrally bonds the device layer 12 and the substrate layer 14. This buried 
oxide layer 16 can also be used as an etch stop in wet and dry etching procedures to form a 
thin membrane. In addition, there is a back oxide layer 18 on the back side of the substrate 
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layer 14, which is used to control etch down to the interface between the device layer 12 and 
substrate layer 14 from the backside. Preferably, the wafer is circular wiih a diameter of 
100mm ± 0.5mrn and a thickness of 525 =± 25 microns. The overall thickness of the wafer is 
made up of 1 ± 0.5 microns of backside oxide 20, 1 ± 0.05 microns of buried oxide (BOX), 
and 5 ± 0.5 microns of single crystal silicon. The remainder of the thickness is made up of 
the substrate. 

Before beginning processing, the wafer is inspected to verify that it meets the 
manufacturer's specifications. If it meets the specifications, the wafer is inscribed with a lot 
and wafer number, cleaned, and 20Q0A of thermal oxide 20 are grown on top of the single 
crystal silicon layer 12 to act an etch stop in a later polysilicon etch and to prevent doping of 
the SCS by a later polysilicon glass (PSG) layer. 

Figures 3-38, considered in conjunction with the following detailed steps 1-84, 
illustrate an embodiment of a process used on the wafer of Figure 2 to produce the grating 
204 of the microstructure 200 illustrated in Figure 1. The process illustrated below can also 
be used for other types of components; it all depends on what is patterned into the wafer, The 
patterning of the structures on the wafer is done using standard photolithography techniques 
well known in the art, which typically comprise depositing layers of the correct materials on 
the wafer, applying a photoresist on the wafer, exposing the photoresist in areas lo be added 
(light mask) or removed (dark mask) and men performing the appropriate etch. 



Step* 


Process 


Comments 


1. 


Thermal oxidation 


100<rc,2000A 


2 


Photolithography 

Mask ff 1: Substratc_Contact 


a) bake 1 10 degree C, 15 mm 

b) HMDS, 5.0K, 30 sec 

c) A21 81 3, 4.0K, 30 SEC, 1 3um 

d) softbake 90 Q 30 rain 

e) expose, 5.0mW/cm J , 12 sec 
tf) develop MF 3 19, l.lmin 

g) rinse, D! water, A min 

h) spin dry 

i) hardbake 1 1 0 degree C, 30 rain 


3. 


Oxide etch 


R1E: CF 4 , target etch rate: 2500 A /min 


4. 


SCS etch 


RIE: HBr, Ch, target etch rate: 500D A /rain 


5. 


Oxide etch 


RJE: CF 4 , target etch rale: 2500 Mnin 


6. 


Strip photoresist 


Hot PRS2000, 20 rain 
rinse DI water, 5 min 
spin, dry 


7, 


Photolithography 
Mask#2:SCS_DimpIc 


a) bake 1 1 0 degree C, 15 min 

b) HMDS,5.OK,30sec 

c) AZ1813,4.OK,30SEC;i3um 

d) softbake 90 C, 30 min 

e) expose, 5.0mW/cm a , 12 sec 

f) develop MF 319, l.lmin 

g) rinse, DI water, 4 min 



(34) 



ftffl 2002-283296 



Step* 


Process 


Comments 






h) spin dry 

i) narooaxe 1 1 u aegree v,, ju roin 


o 
o. 


vjxjae etcn 


Kit: Cr% target etcn rate: A /min 


y. 


SCa etcn 


RJE: HBr, CI2, targe! etch rate: 3UCKJ A Vmin 


10. 


Oxide etch 


RIE: CF* target etch rate: 2500 A /mm 


11. 


Strip photoresist 


Hoi PRS2000,20rmn 
rinse Dl water, 5 min 
spin, dry 


12. 


Polysilicon deposition 


LPCVD, 3 jim 


13. 


Polysilicon etch 


RJE: HBr, CI 2 , target etch rate: 5000 A /min 


14. 


Oxide etch 


RJE: CF* target etch rate: 2500 A /min 


15. 


Photolithography 
Maak#3:SCS_Cratmg 


a) bake 1 10 degree C, 15 min 

b) HMDS, 5. OK, 30 sec 

c) A21 8 1 3, 4.0K, 30 SEC, 1 .3um 

d) scfibake 90 C, 30 mm 

e) expose, 5.0mW/cm a , 12 sec 
0 cyclop MF 319, l.lmin 

gj rinse, DI water, 4 min 

h) spin dry 

i) hardbake 1 1 0 decree C, 30 min 


16. 


SCSelch 


RJE: HBr, Cl 2 , target etch rate: 5000 A /min 


17. 


Strip photoresist 


Hot PRS2000, 20 min 
rinse DJ water, 5 min 
spin, dry 


18. 


Photolithography 
Mask #4: SCSJtoe 


a) bake 110 degree C, 15 min 

b) HMDS,5,OK,30sec 

c) AZ1 8 1 3, 4.0K, 30 SEC, 1 .3um 

d) softbake 90 C, 30 min 

e) expose, S.OmW/cm 3 , 12 sec 
0 develop MF 3 19, 1. train 

g) rinse, Dl water, 4 ram 

h) spin dry 

i) hardbake 1 ] 0 degree C, 30 min 


19. 


SCS etch 


RIE: HBr, Ci 2 , target etch rate 5000 A /min 


20. 


Strip photoresist 


HotPRS2000,20 min 
rinse DI water, 5 min 
spin, dry 


21. 


TEOS deposition 


LPCVD, 8 pm 


22. 


Densifi cation 


ROOt, 1 hour 


23. 


CMP 


Leave 2 +/- 0.2 um 


24. 


Photolithography 
Mask#5:Anchor_SCS 


a) bake 1 10 degree C, 1 5 min 

b) HMDS, 5. OK, 30 sec 

c) AZ1813, 4OK,30S£C, Mum 

d) softbake 90 C, 30 min 

e) expose, 5. OmW/cm 1 , 12 sec 

f) develop MF 3 19, 1. train 

g) rinse, DI water, 4 min 

h) spin dry 

i) hardbake 1 10 degree C, 30 min 


25. 


Oxide etch 


RIE: CF«, target etch rate: 2500 AAmn 


! 26. 


Strip photoresist 


Hot PRS2000, 20 min 
rinse DI water, 5 min 
spin, dry 


27. 


Nitride deposition 


LPCVD, 6000 A 


28. 


Photolithography 
Mask #6: Nitride Struct 


a) bake 110 degree C, 15 min 

b) HMDS,5.OK,30 sec 
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Step* 


Process 


Comments 






c) AZ1813, 4.OK,30SEC, 1.3um 
d}soflbalce90C,30min 

e) expose, 5.0mW/cm 2 , 12 sec 

f) develop MF 3 19, l.lrnin 

g) rinse, Dl water, 4 min 

h) spin dry 

j) hardbake 1 10 degree C, 30 min 


29. 


Nitride etch 


RJE: CF 4 , target etch rate: 2500 A/min 


30. 


Strip photoresist 


HotPRS2000,20min 
rinse DI water, 5 min 
spin, dry 


31. 


Polysi li con deposition 


LPCVD, 3000 A 


32. 


Photolithography 
Maskfl 7: PolyO_Struct 


a) bake 1 10 degree C, 1 5 min 

b) HMDS, 5. OK, 30 sec 

c) AZ1 8 1 3, 4.0JC, 30 SEC. 1 .3um 

d) softbakc 90 C, 30 min 

e) expose, 5.0mW/cm a , 12 sec 
0 develop MF 319, l.lrnin 

g) rinse, Dl water, 4 min 

h) spin dry 

i) hardbake 1 10 degree C, 30 min 


33. 


Backside polysilicon strip 


RJE: SF* Oj 


34. 


PolysiHcon etch . 


RJE: HBr, Cl 2 , target etch rale: 5000 A/min 


33. 


Strip photoresist 


HotPRS2000,20min 
rinse Dl water, 5 min 
spin, dry 


36. 


PSG deposition 


PECVD, 2 jlm 


37. 


Photolithography 
Mask t 8: Po)yI_Dimple 


a) hake 1 10 degree C, 1 5 mis 

b) HMDS, 5.0K, 30 sec 

c) AZI813, 4.OK.30 SEC. 1.3um 

d) softbake 90 C, 30 min 

ej expose, 5.0mW/cm a , 12 sec 

f) develop MF 3 19, 11 rain 

g) rinse, DI water, 4 min 

h) spin dry 

i) hardbake 1 10 degree C, 30 min 


38. 


Oxide etch 


RIE: CF 4f target etch rate: 2300 A /min 


39. 


Strip photoresist 


Hot PRS2000, 20 min 
rinse Dl water, 5 min 
spin, dry 


40. 


Photolithography 
Mask*9:PSGl_Holc 


a) bake 1 10 degree C, 1 5 min 

b) HMDS, 5.0K, 30 sec 

c) AZ1813.4.OK,30SECJ.3um 

d) softbake 90 C, 30 min 

e) expose, 5.0mW/cm 2 , 12 sec 

f) develop MF 3 19, l.lrnin 

g) rinse, DI water, 4 min 

h) spin dry 

i) hardbake 1 10 degree C, 30 min 


41. 


Oxide eich 


RIE: CP*, target etch rate: 2300 A/min 




strip prioioresjst 


UmI DDMAftA m ------ 

Mot FRjyZODO, 20 nun 
rinse DI water, 5 min 
spin, dry 


43. 


Polysilicon deposition 


LPCVD, 2nm 


44. 


PSG deposition 


PECVD, 2000 A 


45. 


Anneal 


lOOO'C, Ihour 


46. 


Backside polysilicon strip 


R1E:SF*Q, 


47. 


Photolithography 


a) bake 1 10 degree C, 1 5 min 
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Step # 


Process 


Comments 




Mask #10: Potyljtruct 


b) HMDS, 5. OK, 30 sec 

c) AZl813,4.0K, 30 SEC, 1.3um 

d) softbake 90 C, 30 min 

e) expose. 5.CmW/cm l , 12 sec 
0 develop MF 3 19, Umin 

g) rinse, DI water, 4 min 

h) spin dry 

i) hardbake 1 1 0 degree C, 30 min 


48. 


Oxide etch 


R1E: CF* target etch rate: 2500 A/min 


49. 


Polysilicon etch 


R1E: HBr. Cln tarect etch rate: 5000 A/mm 


50. 


Strip photoresist 


HotPRS2000,20min 
rinse DI water, 5 min 

spin, dry , 


51. 


Oxide etch 


RJE: CF 4 , target etch rate: 2500 A/min 


52. 


Oxide deposition 


PECVD, 7500 A 


53. 


Photolithography 
Mask* JI:PSG2_Hole 


a) bake 110 degree C, 15 min 

b) HMDS,5.OK,30sec 

c) AZ1 &13,4.0K, 30 SEC, Uum 

d) softbake 90 C, 30 mm 

e) expose, 5.0m W/cm 2 , 12 sec 

f) develop MF 3 19, 1.1mm 

g) rinse, DI water, 4 min 

h) spin dry 

i) hardbake 1 1 0 degree C, 30 min 


54. 


Oxide etch 


RIE: CF 4 , target etch rate: 2500 A/min 


55. 


Strip photoresist 


HOCPRS2000, 20 min 
rinse DI water, 5 min 
spin, dry 


56. 


Photolithography 

Mask # 12: PSG2_PSG2_Hole 


a) bake 1 10 degree C, 15 min 

b) HMDS,5.OK,30 sec 

c) AZ1813,4.0K, 30 SEC, Uum 

d) softbake 90 C, 30 min 

e) expose, 5.0m W/cm 2 , 12 sec 
0 develop MF 3 19, l.lnrin 

g) rinse, DI wateT, 4 min 

h) spin dry 

i) hardbake 1 10 degree C, 30 min 


57. 


Oxide etch 


RIE: CFi> tared etch rate: 2500 A/min 


58. 


Strip photoresist 


Hot PRS2000, 20 min 
rinse DI water, 5 min 
spin, dry 


59. 


Polysilicon deposition 


LPCVD, 1 5 Mm 


60. 


Oxide deposition 


PECVD, 2000 A 


CI. 


Anneal 


■i*hi«^— ij '"B ill hi^f^^ 


62. 


Photolithography 
Mask * 13: Poly2_Struct 


a) bake 1 10 degree C, 1 5 min 

b) HMDS, 5.0K, 30 sec 

c) AZ1813,4.OK,30 SEC, Uum 

d) softbake 90 C, 30 min 

e) expose, 5.0raW/cm 2 , 12 sec 

f) develop MF 3 19, J.lmin 

g) rinse, DI water, 4 min 

h) spin dry 

i) hardbake 110 degree C, 30 min 


63. 


Backside polysilicon strip 


RIE: SKs. 


64. 


Oxide etch 


RIE: CF4, target etch rate: 2500 A/min 


65. 


Polysilicon etch 


RIE: HBr, Cl 2 , target etch rale: 5000 A/min 


66. 


Oxide eteh 


RIE: CF4, oiget etch rate: 2500 A/min 


67. 


Strip photoresist 


HotPRS2000, 20 mm 
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Step* 


Process 


Comments 






rinse Dl water, 5 rain 
spin f dry 


68. 


Oxide etch 


RIE: CF 4 , target etch rate: 2500 A/min 


69. 


Photolithography 
Mask* 14: SCS_Expose 


a) bake 1 1 0 degree C, 1 5 min 

b) HMDS,5,OK, 30 sec 

c) A21813, 4.0K, 30 SEC, 1.3um 

d) softbake 90 C, 30 min 

c) expose, S.OmW/cm 2 , 12 sec 

f) develop MF 3 19, 1.1 min 

g) rinse, DI water, 4 min 

h) spin dry 

i) hardbake 110 degree C, 30 min 


70. 


Oxide etch 


HF 


71. 


Photolithography 
Mask #15: Thick JvlettJ 


a) bake 110 degree C, 1 5 min 

b) HMDS, 3.0K, 30 sec 

c) AZ1813, 4.0K, 30 SEC, 1 .3um 

d) softbake 90 C 30 min 

e) expose, 5 .OmW/cm 2 , 1 2 sec 

f) develop MF 319, 1 .lmin 

g) rinse, DI water, 4 min 

h) spin dry 

i) hardbake 1 10 degree C, 30 min 


72. 


Metal evaporation 


Cr/Au:300A/5000A 


73. 


Lift-off 


Hotlll2A 




Photolithography 
Mask* 16: Thin_M«al 


a) bake 1 10 degree C, 1 5 min 

b) HMDS, 5.0K, 30 sec 

c) AZ1813,4.OK,30 SEC, 1.3um 

d) softbake 90 C, 30 min 

e) expose, 5 .OmW/cm 2 , 12 sec 

f) develop MF 319, 1.1 min 

g) rinse, DI water, 4 min 

h) spin dry 

i) hardbake 1 10 degree C, 30 min 


75. 


Metal evaporation 


Cr/Au:200A/300A 


n. 


Lift-off 


HotlM2A 


77. 


Photolithography 
Mask V 17: Back 


a^ bake 110 decree CIS min 

b) HMDS, 5.0K, 30 sec 

c) A2181 3, 4.0K, 30 SEC, 1 3um 

d) softbake 90 C, 30 min 

e) expose, 5.0mVWcm\ 1 2 sec 

f) develop MF 319, 1. lmin 

g) rinse, DI water, 4 min 

h) spin dry 

i) hardbake 1 10 decree C, 30 min 


78. 


Nitride etch 


RIE: CF 4 , target etch rate: 2300 A/min 


79. 


Oxide etch 


RIE: CF 4 , target etch rate: 2500 A/min 


SO. 


Protect front ode 


Spin-on coat (proprietary) 


81. 


Strip photoresist (backside) 


Hot PRS2000 > 20rrrin 
rinse DI water, 5 min 
spin, dry 


82. 


KOH etch 


45% 65-85*0 


83. 


Nitride etch 


RIE: CF*, target etch rate: 2500 A/min 


84. 


Oxide etch 


RIE: CF«, target etch rate: 2500 A/min 



Figure 3 illustrates the wafer at the conclusion of step 6. Substrate contact holes 22 
about A microns wide arc patterned onto the SCS layer 12 of the wafer. A reactive ion etch 
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(RIE) of the thermal oxide 20 is performed, and the SCS layer 12 is etched through to the 
buried oxide 16, also using a reactive ion etch. The photoresist used to pattern the holes 22 is 
left on to protect the rest of the oxide 20, and an RIE etch of the exposed buried oxide 16 is 
performed 1 micron down. This etches the BOX layer 16 away and leaves the substrate layer 
14 exposed at the bottom of the contact holes 22. 

Figure 4 illustrates the state of the wafer at the conclusion of step 14. SCS dimple 
holes 24 4 microns wide are patterned onto the SCS layer 12 and an RIE etch of the thermal 
oxide 20 is performed, followed by an RIE etch of the SCS layer 12 through to the BOX 
layer 16. The photoresist is left on to protect the rest of the thermal oxide 2D and an RIE etch 
of the exposed BOX layer 16 is performed until about half the thickness of the BOX layer is 
etched away. The photoresist is removed and polysilicon 26 is deposited to fill the dimple 24 
and substrate contact holes 22. Li this embodiment, 2.5 microns of polysiKcon should be 
enough, since the dimples 24 and substrate contacts 22 are 4 microns wide. The polysilicon 
26 is etched with an RIE using the thermal oxide 20 as an etch stop. This removes the 
polysilicon 26 from everywhere except in the dimple and substrate contact holes, where the 
level of the polysiKcon will be lower than the rest of the wafer, depending on the amount of 
polysilicon overetch. 

Figure 5 illustrates the state of the wafer at the conclusion of step 17. A pattern in the 
form of a grating 28 is first applied to the SCS layer 12. The grating 28 must be applied to 
the wafer at this early stage of processing. Optimum focusing of the applied mask is needed 
because the line spacing of the grating is of the same order as the wavelength of light, 
meaning that the resolution must be as good as possible. To assure optimum focus, the 
grating 28 must be applied to the wafer when there is little or no topography already built up. 
This ensures that there are no problems with depth of focus that would affect the quality of 
the resulting grid. In addition, applying the grid while there is minimum topography on the 
wafer ensures that there are no adverse effects from shadows cast by topographical features 
that are present. Once the grating 28 is patterned on the wafer, a quick RIE oxide etch is then 
performed to remove the thermal oxide 20, followed by a 3 micron RIE etch of the SCS layer 
12. The photoresist used to apply the grating 28 is then removed. 

Various types of gratings 28 can be applied to the SCS layer 12; the exact type of grid 
will depend on the application of the particular micromechanical or microoptomechanical 
device. Examples of gratings include a Fresnel pattern useful for reflective optical 
applications; a uniform square grating useful tor light frequency division in applications such 
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as a spectrum analyzer, and a variable pilch grid where sets of lines in the grating are spaced 
in variable increments to achieve better spectral coverage of certain wavelengths and enhance 
optical power. Different gratings may also be used for other optical purposes, such as a 
crystal oscillator which changes resonance based on surface effects, or for non-optical 
purposes such as chemical or biological sensors, where the grating increases the available 
surface area for chemical or biological binding. 

Figure 6 illustrates the wafer at the conclusion of step 23. The SCS layer 12 is 
patterned with full-depth features 30, and a quick RE etch is performed to remove the 
thermal oxide 20. A chlorine-based R1E etch is performed aD the way through the SCS layer 
12, using the BOX layer 16 as an etch stop. 0.2 microns of undoped, low pressure chemical 
vapor deposition (LPCVD) oxide (not shown) are deposited to protect the sidewalk of the 
full-depth features 30. Six (6) microns of planarization oxide (POX) 32 are deposited so that 
the wafer will be flat after later chemical mechanical polishing (CMP); the planarization 
oxide 32 is preferably boron polysilicate glass (BPSG) or thermally enhanced oxide (TEOS). 
A timed chemical mechanical polish of the POX 32 is performed until 2 ± 0.2 microns of the 
planarization oxide 32 remain on the SCS layer 12. 

Figure 7 illustrates the wafer at conclusion of step 27. A pair of holes 34 are 
patterned in the POX layer 32, and an RIE etch is performed to transfer the pattern into the 
POX 32 and down to the SCS layer. The photoresist is removed and a nitride layer 36 with a 
thickness of 0.6 microns is deposited via LPCVD. A second nitride layer 38 is also deposited 
on the back of the wafer for extra selectivity during a later potassium hydroxide (KOH) etch. 

Figure S illustrates the wafer at the conclusion of step 31. The resist on the pattern 
front side is patterned with nitrite structures and the pattern is transferred to the front nitride 
layer 36 using an RIE etch. A layer of LPCVD polysilicon 40 is deposited on the front, and a 
similar layer 42 is applied to the hack of the wafer, both layers are 0.5 microns thick. 

Figure 9 illustrates the wafer at the conclusion of step 36. The front side of the wafer 
is patterned with polysilicon structures 44 and then RIE etched to transfer the pattern to the 
polysilicon layer 40. The photoresist is left on, the wafer is flipped and another layer of 
polysilicon (not shown) is deposited on the backside and RIE etched. The wafer is flipped 
again and the from side resist is removed, which is acting as a protective layer for the front 
side when flipped. A layer of PECVD polysilicon glass (PSG) 46 is added to the front of the 
waver and densified to 2 microns. 
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Figure 10 illustrates the wafer after step 46. Holes 48 are patterned in the PSG layer 
46 and an RIE etch is done to transfer the pattern to the PSG layer using the polysilicon layer 
40 as an etch stop. The photoresist is removed and a front layer 50 and back layer 52 of 
LPCVD polysilicon 2 micro6 thick are deposited, followed by a deposit of 0.2 microns of 
PECVD polysilicon glass (PSG) (not shown), and the wafer is annealed at 1.000°C for one 
hour to dope the polysilicon layers 50 and 52 and reduce stress. 

Figure 3 1 illustrates the wafer at the conclusion of step 52. This PSG layer 46 is 
patterned with polysilicon structures 56, and an RIE etch is performed to transfer the pattern 
to a PSG hard mask, followed by an RIE etch to transfer the pattern to the polysilicon layer 
50. The resist is left on and the wafer is flipped and RIE etched to remove the backside 
polysilicon 52, using the front side resist and hard mask to protect the front The wafer is 
flipped back over when done, the photoresist is removed, and the hard mask is removed with 
an RIE etch, which thins any exposed oxide by about 0.3 microns. A layer of PECVD 
polysilicon glass (PSG2) 54, is deposited and densified to 0.75 microns. 

Figure 12 illustrates the wafer at the conclusion of step 55. Holes 58 are patterned in 
the PSG2 layer 54 and an RIE etch is performed to transfer the partem to the PSG, using the 
polysilicon layer as an etch stop. The photoresist is then removed. 

Figure 13 illustrates the wafer at the conclusion of step 68. The thermal oxide layer 
20 is patterned with polysilicon structures and an RIE etch is performed to transfer the pattern 
to the PSG hard mask. An RIE etch is performed to transfer the pattern to the polysilicon 54. 
The wafer is flipped and an RUB etch is performed to remove the backside polysilicon, using 
the front side resist and hard mask to protect the front The resist is removed, and the hard 
mask is removed with an RIE etch. 

Figure 14 illustrates the wafer at the conclusion of step 70. Areas on the front side 
where the POX 32 should be removed are patterned. This layer should only be used in areas 
where there is no polysilicon or metal, since those would act as etch stops for the subsequent 
etches. A wet etch is performed to remove the thermal oxide layer 20, exposing selected 
areas of the SCS layer 12. Designers must be careful that there nearby structures aren't 
damaged by a hydrofluoric acid (HF) etch. Polysilicon layers previously put on the SCS layer 
can be etched away without etching any of the SCS layer because the SCS layer 12 itself 
creates an etch stop. 
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Exposure of selected areas of the SCS layer at this point in the process allows 
mechanical, electrical and optical slrcutuies to be built directly onto the selected areas after 
other important structural (i.e., non-sacrificial) features have been built onto the SCS. These 
mechanical, electrical and optical structures are thus better able to take advantage of the SCS 
layer' s useful properties. In the embodiment shown, a metal coating 60 is applied directly 
onto the grating 28 previously etched into the SCS layer 12 (see Figure 15). Application of 
the metal coating 60 turns the grating 28 into a reflecting grating. Similarly, metal elements 
can be put on the SCS layer to conduct electrical current, insulating elements can be built on 
the SCS using nitride or oxide layers, or elements comprising both conducting and insulating 
parts can be built onto the SCS layer. 

Figure 15 illustrates the wafer at the conclusion of step 76. A photoresist is patterned 
for lift-off metal and 0.5 microns of metal 60 are deposited on the grating 28 on the front side 
of the SCS layer 12. The resist is lifted off, removing metals in those areas. A pattern is 
applied with areas where metal should be removed, and 200 A of chromium (Cr) are 
deposited on the front side of the grating 28, followed by 300 A of gold (Au). In this case, 
the gold increases the reflectivity of the grating, and because of how it is deposited it also 
smoothes the edges of the grating. Other metals having required reflectivity may also be used 
on the grating 28; examples include aluminum (Al) and platinum (Pt). The resist and the 
metal coating resist are then removed 

Figure 16 illustrates the wafer at the conclusion of step 84. The backside 
nitride/oxide layer 38 is patterned with holes sized so that KOH will etch the desired depth. 
Uncertainty in wafer thickness will affect the size of the holes created at the other side of the 
wafer. The pattern is Transferred to the nitride layer 38 with an RIE etch, and the same 
pattern is also transferred to the oxide layer 1 8 with an RIE etch. A through-wafer KOH etch 
is performed while protecting the front side with a deposited layer. If a coating is used it 
should be left on for the next step which involves removing the backside nitride/oxide using a 
nitride RIE etch and then an oxide RIE etch, which clears off exposed buried SCS. The 
protective layer possibly present from the last step will protect the front side. Backside 
etching of the wafer 10 is possible because in this process because of the use of different 
materials for the substrate layer 14 (which is made of polysilicon) and the device layer 12 
(made of single crystal silicon). This enables the substrate to be etched away without etching 
away the backside of the device layer, and allows both sides of the device layer to be used to 
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make various components mechanical and optical components such as the two-sided mirror 
shown. 

To make the two-sided grating 204, a blanket deposit of 0. 1 microns of melal 62 is 
deposited on the backside of the wafer to metalize the backside of the minor. The metal is 
sputtered onto the backside of the wafer; suitable metals for metalization of the backside 
include all the metals used on the front layer 60. If the component whose backside is to be 
metalized has holes which extend through the device layer, the backside metal must be 
deposited carefully to ensure that the metal does not flow through the holes and ruin the 
quality of the front surface of the device. This is particularly important with optical 
components, where the front surface must have near-perfect optical qualities and no flow- 
through from back to front can be tolerated. An effective way of addressing this problem of 
metal flowing through to the front surface is to tilt the wafer while the metal is sputtered onto 
the backside; this prevents flow-through of the metal. Any exposed holes in the SCS layer 12 
must be kept small (approximately 2 microns) to prevent sputtered metal from traveling all 
the way through the wafer. The same technique can be used when sputtering metal on the 
front side of the wafer if a two-sided optical component is needed. 

Metalization of the backside of a component such as the grating 204 has several 
advantages. Among other things, the backside metalization helps with the release of the 
component once it's finished. When used on a one-sided optical device such as a mirror, 
backside metalization reduces transmission of light through the mirror. Backside 
metalization also helps ensure that any residual stresses in the mirror are balanced, so that the 
grating 204 will not become distorted. Finally, backside metalization allows two-sided 
optical components to be made. 

Figures 17 and 18 illustrate the wafer at the conclusion of the process after the grating 
204 built into the wafer has been released. The release may be performed by any of various 
methods including standard MUMPS methods which include (1) stripping the photoresist by 
soaking in acetone for 20 to 30 minutes with mild agitation, (2) etching in 49% straight HF 
for 2 Vi to 3 minutes and rinsing in de-ionized water for 10 minutes, or (3) rinse in IPA for 5 
minutes and bake the chip at 100-1 10 C C for 10 to 15 minutes. 

Since the fabrication technology utilized to produce microcfrtoele^omechanical 
(MOEMS) cornponents can lead to manufacturing barriers in the tiiin film properties 
associated with the process, the present invention includes an enabling fabrication process for 
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mkrooptoelectrornechanical systems that overcomes the barriers in the optomechanical 
properties of thin film structures. The key innovation to overcoming these thin film 
properties is to utilize silicon on insulator (SOI) wafers as the starting substrate in a surface 
micromachining process (see Figure 1). SOI is a generic term that refers to a structure in 
which a silicon layer is supported by a dielectric material. In this embodiment, a silicon 
device layer, bonded to a conventional silicon handle wafer, has a S1O2 thin-film layer at the 
interface. This allows critical optical and electronic components to be fabricated in a single 
crystal silicon device layer, which can be released from the handle wafer by etching the oxide 
at the interface between the device layer and the substrate. 

The oxide layer at the interface can also be utilized as a backside etch stop layer for 
releasing optical components, such as a mirror, that cannot include etch holes. The device 
layer has a user specified thickness that is appropriate for the given application, and has 
excellent and reproducible electrical and thin film properties. Both the back and front side of 
the device layer would be polished, and thus optical elements fabricated in this layer do not 
require additional post-processing chemical-mechanical polish (CMP) techniques to obtain an 
optical quality surface finish Since the device layer is single crystal silicon, it has no 
intrinsic stress or stress gradients in the absence of thin film coatings. Since it can be made 
thicker than conventional chemical vapor deposition (CVD) deposited thin films, optical 
components fabricated in this layer have minimal distortions alter thin film depositions such 
as aluminum to increase surface reflectivity, or dielectric thin films to decrease surface 
reflectivity. The additional thickness is also important to minimize distortions for 
dynamically actuated optical elements. 

As those skilled in the art will appreciate, other various modifications, extensions, and 
changes to the foregoing disclosed embodiments of the present invention are contemplated to 
be within the scope and spirit of the invention as defined in the following claims. 
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Figure 1 illustrates in perspective view a MEMS device having various optica] ant 
mechanical elements formed in accordance with the process of the present invention; an 

Figure 2 is a cross-sectioned view of a siliconun-uisulator (SOI) wafer in which 
MEMS and MOEMS devices can be created according to the present invention; 

Figure 3 show an embodiment of process steps used to form a MEMS device such 
as those illustrated in Figure l; 

Figure 4 show an embodiment of process steps used to form a MEMS device such 
as those illustrated in Figure l; 

Figure 5 show an embodiment of process steps used to form a MEMS device such 
as those illustrated in Figure V 

Figure 6 show an embodiment of process steps used to form a MEMS device such 
as those illustrated in Figure l; 

Figure 7 show an embodiment of process steps used to form a MEMS device such 
as those illustrated in Figure l; 

Figure 8 show an embodiment of process steps used to form a MEMS device such 
as those illustrated in Figure II 

Figure 9 show an embodiment of process steps used to form a MEMS device such 
as those illustrated in Figure l; 

Figure 10 show an embodiment of process steps used to form a MEMS device such 
as those illustrated in Figure l; 

Figure 11 show an embodiment of process steps used to form a MEMS device such 
as those illustrated in Figure L 

Figure 12 show an embodiment of process steps used to form a MEMS device such 
as those illustrated in Figure l; 

Figure 13 show an embodiment of process steps used to form a MEMS device such 
as those illustrated in Figure L 

Figure 14 show an embodiment of process steps used to form a MEMS device such 
as those illustrated in Figure 1> 

Figure 15 show an embodiment of process steps used to form a MEMS device such 
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as those illustrated in Figure K 

Figure 16 show an embodiment of process steps used to form a MEMS device such 
as those illustrated in Figure li 

Figure 17 show an embodiment of process steps used to form a MEMS device such 
as those illustrated in Figure i; 

Figure 18 show an embodiment of process steps used to form a MEMS device such 
as those illustrated in Figure 1. 
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Figure /ft 



i . A b s r r a c t 

The present invention provides a mjcromechanical or microoptomechanical structure. 
The structure is produced by a process comprising defining a pattern on a single crystal silicon 
layer separated by an insulator layer from a substrate layer; defining a structure in the single- 
crystal silicon layer; depositing and etching a polysilicon layer on the single crystal silicon layer, 
with remaining polysilcon forming mechanical or optical elements of the structure; and releasing 
the formed structure. 
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